INTRODUCTION {#sec1-1}
============

According to the WHO statistics, about 80% of African populations use traditional medicine for their primary health care. In recent years, there has been a remarkable rise of medicinal plant's use, probably due to their local abundance, cultural significance and inexpensive procurement \[[@ref1]\]. An urgent need to develop national pharmacopoeia, monographs of medicinal plants, and national standards and guidelines has been emphasized \[[@ref2]\]. It has been reported that of 121 anticancer drugs used today, 90 are derived from plants. In addition, 60% of new drugs introduced between 1981 and 2002 are plants derived \[[@ref3]\]. Although, the development of new active natural drugs requires integration of several sciences such as botany, chemistry and pharmacology, recording how a plant is used in folk medicine by an ethnic group is the major common strategy \[[@ref4]\]. In addition, ethnobotanical studies play an important role for the conservation and valorization of biological resources \[[@ref5]\].

Medicinal plants have been used in Algeria for centuries to treat different ailments. Although Algeria is one of the richest Arab countries with 3164 plant species \[[@ref6]\], few ethnobotanical studies have been carried out in the country \[[@ref7],[@ref8]\]. In South of Algeria, the Sahara, one of the world-largest deserts, local populations still relay on traditional healers for their health care. Thus, the aim of this study was to document and analyze the local knowledge of medicinal plants' use by traditional healers in South-west Algeria.

MATERIALS AND METHODS {#sec1-2}
=====================

Study Area {#sec2-1}
----------

Sahara, the world's largest non-polar desert covers 84% of the total Algerian area (2.381.741 km^2^). The ethnobotanical survey was conducted in two Saharian regions of South-west of Algeria: Adrar and Bechar, both located on the borders between Algeria and Morocco \[[Figure 1](#F1){ref-type="fig"}\]. Adrar (27°52 ¢ N, 0°17 ¢ W) is the second-largest department of the country covering about 427,368 km^2^ \[[@ref9]\]. Bechar (31°37' N, 2°13' W) covering an area of 161,400 km^2^ is the sixth-largest department in the country. Climate is hot and dry in summer and very cold in winter with 100 mm rainfall per year \[[@ref10]\].

![Location of the study area (Adrar and Bechar, South-West Algeria)](JIE-5-320-g001){#F1}

Data Collection {#sec2-2}
---------------

This study has been carried out between 2010 and 2014, in several times. We interviewed individually 22 traditional healers practicing in the study area, after obtaining their consent. Semi-structured questionnaire and open questions were used to record the use of medicinal plants (vernacular names, ailments treated, parts used, modes of preparation/administration, and ingredients). Local names were given in Arabic and/or in Amazigh or Tergui languages. Botanical identification and authentication were done by Dr. Kada Righi (Department of Agriculture, Faculty of Nature and Life sciences, Mascara University, Algeria). The voucher specimens were prepared and submitted to the LRSBG herbarium (Department of Biology, Faculty of Nature and Life Sciences, Mascara University, Algeria). All the informants were men and their age was 37 ± 11 years.

The ailments reported to be treated using the cited species were grouped into 12 categories \[[Table 1](#T1){ref-type="table"}\]. Each citation of a particular part of a particular plant was recorded as one use report. If one informant used a plant to treat more than one disease in the same category, it was considered as a single use-report \[[@ref11]\].

###### 

Ailments grouped by different ailment categories

![](JIE-5-320-g002)

Quantitative Analysis {#sec2-3}
---------------------

Use-value (UV), fidelity level (FL), and informant consensus factor (FIC) were calculated using the following standard formulas \[[@ref12]\]:

Use-value: UV=SU/nU: Number of use reports cited by each informant for a given plant species,n: Total number of informants interviewed for a given plant.Fidelity level (FL): FL (%)= (Np/N)\*100Np: Number of use reports for a given species reported to be used for a particular ailment category,N: Total number of use reports cited for any given species.Informant Consensus Factor: FIC =(Nur--Nt)/(Nur--1)Nur: Number of use citations in each category,Nt: Number of species reported in each category.

RESULTS {#sec1-3}
=======

Botanical Data, Used Parts, Mode of Preparation, Routes of Administration and Ailments Treated {#sec2-4}
----------------------------------------------------------------------------------------------

In this study, 83 medicinal plants species belonging to 38 families \[[Figure 2](#F2){ref-type="fig"}\] were reported to be used by traditional healers from South-west of Algeria to treat several ailments \[[Table 2](#T2){ref-type="table"}\]. In consistence with most of ethnobotanical studies around the world, leaves were the plant parts mostly used (36%) by local healers in South-west of Algeria. In addition, seeds (18%), aerial parts (17%), and roots (12%) were also the most used parts \[[Figure 3](#F3){ref-type="fig"}\]. We found that a decoction was the major mode of preparation (49%). In addition, different medicinal plants are used as raw (32%), infused (16%), or macerated (3%) \[[Figure 4](#F4){ref-type="fig"}\]. Oral, topical, inhalation, and nasal routes were the reported ways of administration in the study area. As shown in [Figure 5](#F5){ref-type="fig"}, most herbal remedies in South-west Algeria were administered orally (80%). Furthermore, as shown in [Table 3](#T3){ref-type="table"}, out of the 83 cited plants, 45 species are administered with other ingredients such as other plants (66%) or non-plant-aduvants (34%) such as olive oil, honey, milk, sugar, yogurt, or eggs. Honey is the adjuvant most added to different herbal remedies in South-west of Algeria (53%). Regarding the treated ailments, 35 species are reported to be used to treat more than one disease. According to our results \[[Figure 6](#F6){ref-type="fig"}\], gastrointestinal disorders were the most commonly treated ailments with medicinal plants in south-west Algeria (33.6%), they were followed by respiratory diseases (23%) and cardiovascular diseases (9%).

![Distribution of reported species among the botanical families](JIE-5-320-g003){#F2}

###### 

List of medicinal plants used by traditional healers in South west-Algeria
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![Plant parts used by traditional healers](JIE-5-320-g005){#F3}

![Modes of preparation used by traditional healers](JIE-5-320-g006){#F4}

![Routes of administration](JIE-5-320-g007){#F5}

###### 

Ingredients added for the preparation of herbal medicines by the local traditional healers

![](JIE-5-320-g008)

![Ailments treated by the reported species. KD: Kidney diseases, GISD: Gatsro-intestinal system diseases, SD: Skin diseases, Can: Cancer, ESD: Endocrine system diseases, RTD: Respiratory tract diseases, SMSD: Skeleto-muscular system disorders, CSD: Cardiovascular system diseases, GH: General health, HC: Health care, NS: Nervous system, SRP: Sexual-reproductive problems](JIE-5-320-g009){#F6}

Quantitaive Analysis {#sec2-5}
--------------------

UV of cited plants ranged from 0.045 to 1.045. The most commonly used species were Thymus vulgaris L. (UV = 1.045), *Zingiber officinale* Roscoe (UV = 0.863), *Trigonella foenum-graecum* L. (UV = 0.590), *Rosmarinus officinalis* L. (UV = 0.545), *Ruta chalepensis* L. (UV = 0.5)*, Glycyrrhiza glabra* L. (UV = 0.5), *A. herba-alba* Asso (UV = 0.545)*, Atriplex halimus* L. (UV = 0.545), and *Pimpinella anisum* L. (UV = 0.41).

The FIC reflects homogeneity of information provided by different informants regarding medicinal species used to treat a category of ailments. High FIC is correlated to species could be efficient in treating particular ailment \[[@ref13]\]. Therefore, species with high FIC are to be prioritized for further pharmacological and phytochemical studies. As shown in [Table 4](#T4){ref-type="table"}, the highest FIC were found for kidney (0.727), cancer (0.687), digestive (0.603) and respiratory diseases (0.627). Four species are used to treat kidney diseases (KD) by local healers in South-west Algeria: *Lawsonia inermis* L. (topical use of leaves to treat cystitis), *Parietaria officinalis* L. (decoction of leaves is taken orally to treat kidney stones), *Triticum repens* L. (decoction of roots is used orally as diueretic) and *Ziziphus* *lotus* (L.) Lam. (fruits taken orally).

###### 

FIC for commonly used medicinal plants

![](JIE-5-320-g010)

Cancer is ranked second regarding the FIC, demonstrating that local pharmacopeia could provide species with promising anticancer activities. Six species are used to treat different cancers: Roots of *Anacyclus pyrethrum* (L.) Lag.*, T. repens* L. and *Berberis vulgaris* L., the whole *Lepidium sativum* L., seeds of *A. halimus* L. and leaves of *Prunus persica* (L.) Batsch.

To determine the most frequent species used for each ailment category, we calculated the FL. According to our results \[[Table 5](#T5){ref-type="table"}\], four species had the highest FL of 100%: *Eucalyptus* *globulus* Labill. (leave's vapor is inhaled for a cough and flu), *Lupinus albus* L. (seeds are taken orally for diabetes), *P. officinalis* L. (oral administration of leave's decoction for kidney stones), and *Rhamnus alaternus* L. (leave's decoction taken orally for the treatment of hepatitis). As shown in our results, seeds of *L. albus* L. are commonly used (as raw) to treat diabetes.

###### 

FL values for common medicinal plants used
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DISCUSSION {#sec1-4}
==========

In this study, we report the use of 83 medicinal species belonging to 38 families. These findings are in line with those we published recently \[[@ref7]\]. Local healers in both North-west and South-West of Algeria reflect that ancestral knowledge is very important with regard to the use of medicinal plants as complementary or alternative medicine. Our results showed that the most predominant families were Lamiaceae, Asteraceae, Apiaceae, and Fabaceae. Same results were reported in oriental Morocco, a region sharing with the study area most of climatic, demographic and geographical characteristics \[[@ref14]\]. Furthermore, the predominance of Lamiaceae and Asteraceae is well documented in most of the ethnobotanical studies carried out in North African regions such as Algeria \[[@ref15],[@ref16]\], Morocco \[[@ref17]\], or Egypt \[[@ref18]\]. Recently, Ramdane *et al*. \[[@ref8]\] found that Lamiaceae followed by Asteraceae were the most predominant families of medicinal species used by the *Touareg* called "blue men of the Sahara" in extreme South of Algeria. Furthermore, leaves were the most frequent used plant parts. Recently, Benderradji *et al*. \[[@ref19]\] demonstrated that in South-east of Algeria, leaves were the most commonly used parts in the treatment of different ailments. The predominance of leaves in herbal therapies may be attributed to their abundance in the region, and their richness in secondary metabolites produced by photosynthesis. On the other hand, a collection of leaves would be much easier and sustainable than that of roots or flowers \[[@ref20]\].

According to our results, the decoction was found to be the major mode of preparation of the reported medicinal species. Similar findings were recently reported in South-east of Algeria (region of Ouargla) \[[@ref21]\]. Decoction and infusion are highly valued and often preferred by local healers in Africa \[[@ref22]\]. Although our results are consistent with those we found in North-west of Algeria \[[@ref7]\] and those reported in neighboring countries such as Morocco \[[@ref23]\], we noticed that medicinal plants are never used as a paste in the region. In line with this, Moussaoui *et al*. \[[@ref24]\] reported that in Mekenes (Morocco), paste was never used in administration of different herbal formulations. The predominance of oral administration of the different medicinal plants in South-west Algeria is in total agreement with most of the carried out ethnobotanical studies in the country \[[@ref25],[@ref26]\]. The predominance of oral administration may be explained by a high incidence of internal ailments in the region \[[@ref5]\]. On the other hand, it's thought that oral route is the most acceptable for the patient. 45 species are administered with other plants - (66%) or nonplants-adjuvants. Honey was added in 53% of herbal formulations. Indeed, honey is considered sacred to Muslims and occupies an important place in Islamic medicine \[[@ref27]\]. Furthermore, honey is considered as an instant energy source and is often used in Algeria to improve the acceptability of plants having a bitter taste unbearable \[[@ref7]\]. In addition, we found that digestive and respiratory diseases were the most commonly treated ailments with medicinal plants. Our results corroborate those reported by Meddour *et al*. \[[@ref28]\] showing that digestive and respiratory diseases were the predominant ailments treated by local populations using medicinal plants of Kabylia (North-west of Algeria). Similar findings were reported in Beni-Souif (Egypt) \[[@ref29]\].

Our quantitative analysis showed that *T. vulgaris* L., *Z. officinale* Roscoe, *T. foenum-graecum* L., and *R. officinalis* L. were the most commonly used species with the highest UVs. *T. vulgaris* L., *Z. officinale* Roscoe, and *T. foenum-graecum* L. were found to be the most used species in North-west Algeria \[[@ref7]\]. Our results demonstrate that both North and South regions of West Algeria present high level of similarities regarding the ethnomedicinal knowledge. The two regions share some social and environmental characteristics. Indeed, most of the local healers working in North-west Algeria are from the South-west. Recently, Mikou *et al*. found that *T. vulgaris* L.*, R. officinalis* L., and *Artemisia* *herba-alba* Asso were the species most commonly used by local populations in Fes (Morocco) \[[@ref30]\]. In the current study, the decoction of *T. vulgaris* L. is reported to be mainly (70%) used in the treatment of respiratory diseases such as bronchitis, laryngitis, allergy, flu, and cough. The plant is considered one of the most important antitussive herbal treatments in North Algeria \[[@ref31]\]. The pharmacological properties of the plant have been attributed to a variety of active metabolites such as apigenin, luteolin, p-cymene, borneol, carvacrol, cymol, linalool, thymol, and triterpenic acids \[[@ref32]\].

The high UV of *Z. officinale* Roscoe was reported in most of the ethnobotanical studies in muslim communities and may be explained by the influence of Islamic traditional medicine since the plant is mentioned in Holy Quran \[[@ref33]\].

According to the calculated FIC, cancer is ranked second and is reported to be treated using six species: *A. pyrethrum* (L.) Lag.*, T. repens* L., *Berberis vulgaris* L., *L. sativum* L., *A. halimus* L., and *P. persica* (L.) Batsch. Increasing incidence of different cancers in Algeria is well documented \[[@ref34]\]. We have recently demonstrated that about 50% of Algerian cancer patients use different medicinal plants to treat and/or manage their illness \[[@ref25],[@ref35]\].

FL is a useful indicator for identifying the informants' most preferred species in use for treating different disorders \[[@ref36]\]. *E*. *globulus* Labill., *L. albus* L., *P. officinalis* L., and *R. alaternus* L. had the highest FL values of 100%. In line with our results, *E. globulus* Labill. has been reported to possess higher FL for respiratory diseases \[[@ref37],[@ref38]\]. Furthermore, seeds of *L. albus* L. are used to treat diabetes.

Indeed, Knecht *et al*. demonstrated that extracts of the whole seeds resulted in a significant increasing of tolerance to an oral glucose bolus. Furthermore, the extract exhibited a marked antihyperglycemic activity \[[@ref39]\]. The antidiabetic effect of the plant may be attributed to the presence of an active protein: Conglutin-γ. The latter has shown *in vitro* insulin-mimetic effects \[[@ref40],[@ref41]\].

CONCLUSION {#sec1-5}
==========

In total, 83 medicinal plants species belonging to 38 families were reported to be used by traditional healers from South-west of Algeria. Our results showed important similarities with findings we previously reported from North-west of Algeria. Plants with high UV could be a promising source of active compounds against several ailments. Similarly, the plants with highest FL were identified and should be further studied regarding their phytochemicals and their biological activities. Furthermore, local healers from South-west Algeria demonstrated high consensus regarding treatment of KD and cancer.
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